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Abstract
Background: Health profession learners can foster clinical reasoning by studying worked examples presenting fully
worked out solutions to a clinical problem. It is possible to improve the learning effect of these worked examples
by combining them with other learning activities based on concept maps. This study investigated which combinaison
of activities, worked examples study with concept map completion or worked examples study with concept map
study, fosters more meaningful learning of intervention knowledge in physiotherapy students. Moreover, this study
compared the learning effects of these learning activity combinations between novice and advanced learners.
Methods: Sixty-one second-year physiotherapy students participated in the study which included a pre-test
phase, a 130-min guided-learning phase and a four-week self-study phase. During the guided and self-study
learning sessions, participants had to study three written worked examples presenting the clinical reasoning
for selecting electrotherapeutic currents to treat patients with motor deficits. After each example, participants
engaged in either concept map completion or concept map study depending on which learning condition they
were randomly allocated to. Students participated in an immediate post-test at the end of the guided-learning
phase and a delayed post-test at the end of the self-study phase. Post-tests assessed the understanding of
principles governing the domain of knowledge to be learned (conceptual knowledge) and the ability to solve
new problems that have similar (i.e., near transfer) or different (i.e., far transfer) solution rationales as problems
previously studied in the examples.
Results: Learners engaged in concept map completion outperformed those engaged in concept map study on
near transfer (p = .010) and far transfer (p < .001) performance. There was a significant interaction effect of learners’ prior
ability and learning condition on conceptual knowledge but not on near and far transfer performance.
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Conclusions: Worked examples study combined with concept map completion led to greater transfer performance
than worked examples study combined with concept map study for both novice and advanced learners. Concept map
completion might give learners better insight into what they have and have not yet learned, allowing them to focus
on those aspects during subsequent example study.
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Background
Worked examples presenting the complete solution
steps for solving clinical problems can be used for foster-
ing clinical reasoning in health profession learners [1–3].
However, worked examples study alone is not optimal
for fostering transfer of learning, that is a learner’s cap-
acity to solve problems that are different from those
studied in the examples [1]. It is unclear how worked
example-based learning can be improved to foster
greater transfer of learning, and in so doing, promote
more meaningful learning. One strategy would be to
combine worked examples with other learning activities
to help learners deepen their understanding of the ex-
amples studied [4]. In this way, worked examples have
been combined with other activities based on concept
maps [5]. Concept maps can foster in-depth understand-
ing by allowing learners to complete the missing parts of
an incomplete concept map (concept map completion).
Learners can alsostudy a fully worked out concept map
that presents the links between the concepts relevant to
understanding a specific field of knowledge (concept
map study) [6, 7]. Providing learners who are studying
worked examples with an additional activity involving
concept maps might be a good way to improve the
worked example learning effect. However, it is unclear
which additional activity (i.e., concept map completion
or concept map study) would foster more meaningful
learning among learners engaged in worked example
study. Moreover, some evidence suggests that worked
example learning effects can be influenced by learners’
proficiency level in the skill being learned [8–11].There-
fore, it is also unclear whether combinaisons of worked
examples study with concept map activities will have simi-
lar learning effects on novice health profession learners
who have little prior knowledge of the field studied, and
on advanced learners who start gaining experience while
actually coping with real clinical problems.
Example-based learning
Example-based learning can foster clinical reasoning in
health profession learners [1–3, 12]. This strategy can be
put forward by using worked examples whereby learners
acquire problem-solving skills by studying a written
worked-out solution to a problem [13, 14]. For instance,
learning from written worked examples presented in a
digital learning environment was found to foster diag-
nostic knowledge in two studies with medical students
[2, 3, 12]. Worked examples have shown to be more effi-
cient, compared to conventional classroom teaching and
learning activities based on problem-solving practice
[14–16]. This so-called worked example effect is ex-
plained by cognitive load theory in terms of the cogni-
tive demands imposed by worked example study vs.
problem-solving practice [17]. Cognitive load theory
stipulates that working memory has a limited capacity,
and that activities which overload working memory can
impede learning. Worked example study imposes less
cognitive load and allows more room for fostering cogni-
tive processes involved in effective learning compared to
problem-solving practice [18]. In fact, worked examples
are effective in allowing learners to acquire the very spe-
cific knowledge presented in the examples. However,
learners engaged in worked examples study have diffi-
culty using the knowledge acquired in the examples pre-
sented in new meaningful situations. This raises the
question of how learning from worked examples can be
improved to stimulate meaningful learning.
Meaningful learning
In health science professions, meaningful learning im-
plies that knowledge gained by learners makes sense in
their future practice [19–21]. This can be refered to as
transfer of learning, which is a learner’s capacity to apply
the knowledge acquired to solve new problems. Transfer
becomes increasingly difficult to achieve as the new situ-
ation varies from the learning situation. Near transfer,
which occurs when the new situation is similar to the
learning situation, is a more accessible educational goal
than far transfer, which occurs when the two situations
are dissimilar [22, 23]. Transfer of learning is an import-
ant educational goal, but notoriously difficult to achieve
[24]. Notably, some evidence has shown that learning
with worked examples is not sufficient for promoting
transfer of learning. For instance, a study on history tak-
ing in physiotherapy students [1] revealed that examples
based on the actual performance of an expert promoted
better retention than didactical examples but had no sig-
nificant effect on transfer performance. A simple approach
to stimulating transfer in learners studying worked exam-
ples would be to provide additional learning activities that
Montpetit-Tourangeau et al. BMC Medical Education  (2017) 17:238 Page 2 of 23
focus learners’ attention on the underlying principles and
relationships of the problem solution presented in the ex-
amples [4]. For instance, concept maps are learning tools
that can help learners deepen their understanding of a
field of knowledge.
Concept maps
Concept maps are instructional tools that promote indi-
vidual thinking processes which, in turn, can foster mean-
ingful learning [25–27]. Concept maps consist of concepts
or ideas usually presented in cells or nodes, which are
cross-linked by labelled lines or arrows that intend to
show, in an explicit manner, the relationships between the
concepts [28]. Concept mapping engages learners in active
information processing in order to organize their know-
ledge within a concept map [28]. In health profession edu-
cation, concept mapping was found to produce significant
improvements in understanding and problem solving in
learners when compared to traditional teaching methods
[20, 29, 30]. Concept map completion, in which learners
study partially worked-out concept maps and complete
the missing parts, has been shown to foster meaningful
learning in medical students [19].
One drawback of concept mapping and concept map
completion is that they are likely to impose high cogni-
tive load when learners have to deal with knowledge in
complex fields such as reasoning about clinical cases.
Studying model concept maps is another instructional
approach that can potentially promote meaningful learn-
ing (focussing learners’ attention on the underlying
problem structure) while imposing less load on working
memory compared to concept mapping. There is a large
body of evidence indicating that concept map study pro-
motes information recall [31–36]. Moreover, expert con-
cept maps as advanced organizers have been found to
enhance a deeper understanding of medical knowledge
among resident physicians [37].
Combining worked examples with concept maps
It seems relevant to combine worked examples study
with activities based on concept maps in fostering mean-
ingful learning. The rationale behind this strategy is to
improve the worked example effect by allowing learners
to engage in activities based on concept maps by which
they can study the in-depth structure of the examples.
This raises the question of which combinaison, worked
examples study with concept map completion or worked
examples study with concept map study, is the the best
for promoting meaningful learning. On one hand, con-
cept map completion might be more effective because it
allows learners to be more actively engaged in in-depth
processing of the concepts relevant to the field of know-
ledge being studied compared to concept map study. On
the other hand, concept map completion might be less
effective because it imposes more cognitive load and is
more likely to overload learner’s working memory com-
pared to concept map study. A previous study by our
team showed no difference between additional concept
map completion and concept map study in fostering
near transfer performance of problem-solving skills in
novice physiotherapy students engaged in worked exam-
ples study [5].However, this previous study is limited by
the fact that it included a single-learning session with
only an immediate post-test, and it did not investigate
far transfer. As learning tools, concept maps are often
used in a repetitive manner over a certain period of time
to potentiate their effects [27, 37]. It is possible that ben-
efits of map completion are only demonstrated over
time. Therefore, it would be relevant to compare, in
learners engaged in worked examples study, the effects
of additionally providing repetitive concept map comple-
tion and concept map study on meaningful learning.
Novice versus advanced learners
An important issue for educators who are considering
using worked examples is the fact that the effects are in-
fluenced by learners’ proficiency level. Worked examples
are mainly effective in helping novice learners under-
stand how to solve problems in structured domains, that
is, fields of knowledge in which problem-solving tasks
are rule based [18]. Research indeed shows that, in
structured domains, as learners increase their profi-
ciency in problem-solving, the worked example effect
initially disappears and then reverses, resulting in im-
peded learning in most advanced learners [38, 39]. This
so-called expertise reversal effect is explained by the fact
that worked examples become redundant and thus im-
pose more cognitive load on more advanced learners
[11, 38]. More recent research, however, suggests that in
less structured domains such as reasoning about legal
cases [10] or clinical cases [40], both novice and ad-
vanced learners benefit from examples possibly because
it takes longer to fully acquire less structured skills (i.e.,
an absence of the expertise reversal effect). In light of
these studies, it seems relevant, in less structured do-
mains (such as clinical reasoning in health professions),
to compare the effects of learning activities based on
worked examples between novice and advanced learners.
Clinical reasoning in the physiotherapy domain
The specific learning domain addressed in the present
study is clinical reasoning in the selection and use of
therapeutic electrical currents in physiotherapy to treat
patients with motor deficits (e.g., weakness, movement
disorders). These currents can produce neuromuscular
electrical stimulations that are used to treat patients with
musculoskeletal, orthopaedic and neurological impair-
ments [41–43]. The parameters of these currents
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(intensity, pulse frequency, pulse duration, electrode
placement) must be adjusted according to patients’ phys-
ical impairments and the therapeutic objectives [44, 45]. It
is possible to design process-oriented worked examples
that present the clinical reasoning (i.e., decision-making
process) underlying the selection of the optimal electro-
physical agent to use in physiotherapy, and how to param-
etrize this agent [5].
In order to evaluate meaningful learning of clinical
reasoning skills, one must consider the assessment of
conceptual knowledge and problem-solving perform-
ance. Conceptual knowledge is the understanding of the
principles governing a domain and the interrelations be-
tween units of knowledge [46]. Problem-solving ability
can be assessed by near and far transfer performance.
When assessing clinical reasoning, it is relevant to evalu-
ate conceptual knowledge and problem-solving ability
because these two types of knowledge can both influence
decision-making skills [47, 48] but may not be related to
one another [48–50].
Objectives
The first objective of this study was to investigate which
learning condition, concept map study or concept map
completion, would be more effective in promoting mean-
ingful learning of physiotherapy intervention knowledge
in learners engaged in worked examples study. It was ex-
pected that concept map completion would be most ef-
fective in fostering meaningful learning. This is because
concept map completion allows learners to process the
learning material more actively compared to concept map
study. In this study, meaningful learning was assessed by
learners’ capacity to solve problems that are different from
those studied in the worked examples. This capacity was
evaluated by the mean of near transfer and far transfer
performance. Near transfer was evaluated by learners’ cap-
acity to solve problems that are different, but require solu-
tions that are similar to those they have studied in the
examples [51]. Far transfer was evaluated by learners’ cap-
acity to solve problems that require solutions that are dif-
ferent from those they have studied in the examples [51].
The second objective was to compare the learning ef-
fects of concept map study and concept map completion
between novice and advanced learners engaged in
worked examples study. It was expected that novice and
advanced learners would similarly benefit from the
learning activities because the learning task was ill struc-
tured. This hypothesis was based on previous studies
showing that both novice and advanced learners simi-
larly benefit from worked examples in ill-structured do-
mains [10, 40]. In the present study, the task being
learned, that is, selecting an optimal physiotherapy inter-
vention for treating a patient with a physical impair-
ment, is an ill-structured task because the aim to
achieve is not always well defined and multiple paths
might lead to an acceptable solution [5, 52]. In contrast,
in well-structured domains such as mathematics or
physics, problem-solving is mainly rule-based [52]. In
these well structured domains, novice learners are ex-
pected to benefit more from worked examples than ad-
vanced learners [5, 52].
The third objective was to compare the cognitive load
imposed by the learning activity between concept map
study and concept map completion in learners engaged
in worked examples study. It was expected that the con-
cept map study condition would be cognitively less de-
manding than concept map completion. This is because
learners engaged in concept map completion had to per-
form tasks such as generating and organizing concepts
that are cognitively more demanding than the cognitive
tasks associated with concept map study, that is, study-
ing concepts and their relationships. In this study, the
cognitive load imposed by the learning activity was esti-
mated by the perception of the mental effort invested by
learners during the activity [53].
The fourth objective was to compare the cognitive
load imposed by the post-tests assessing learning out-
comes between the concept map study and the concept
map study completion conditions. It was expected that
the cognitive load while performing these tests would be
less important in the concept map completion condition
than concept map study. This is because learners en-
gaged in concept map completion might have achieved
more in-depth learning and acquired more cognitive
schemas of the problem-solving task than those engaged
in concept map study. These cognitive schemas might
facilitate test performance in learners engaged in con-
cept map completion compared to those engaged in
concept map study. As for the cognitive load imposed
by learning activities, the cognitive load imposed by
post-tests was estimated with the subjective evaluation
of the mental effort invested by learners during these
tasks [53].
Methods
Participants
All second-year physiotherapy students (n = 93) from Uni-
versité de Montréal (Canada) were invited to participate
in the study. The activities of the present study were part
of the students’ academic curriculum and counted toward
a course credit. Students were considered eligible based
on experience with previous cohorts in this program,
demonstrating that, at this stage of their training, second-
year students have heterogeneous proficiency levels in
selecting electrotherapy interventions to treat patients
with motor deficits. In fact, experience with previous co-
horts of this program shows that half of second-year
physiotherapy students have little knowledge about this
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skill and that the other half has acceptable performance
when performing that skill. The reason for this variability
is that some students have previous clinical experience as
physiotherapist assistants, have received training in other
fields related to physiotherapy (e.g., kinesiology) before be-
ing enrolled in the physiotherapy program, or have done
previous rotations during which they had to use electro-
therapeutic currents to treat patients with movement
disorders.
Before the study took place, all participants attended a
three-hour instructional course on concept mapping
using the free IHMC Cmap software tool available on-
line (http://cmap.ihmc.us/) as part of their training dur-
ing their first year in the program. No participant had
ever participated in prior educational research involving
worked examples or concept mapping. Of the ninety-
three eligible students, sixty-one (44 women; mean age
± SD: 22.6 ± 3.0 years) gave their informed consent to
participate. Thirty-two did not gave their consent to par-
ticipate in the study, and therefore their data was not
assessed. The ethics committee of Université de Mon-
tréal’s Faculty of Medicine approved the study.
Study design
This study included three phases. Students participated
in 1) a five-month pre-test phase, 2) a 130-min guided-
learning phase, and 3) a four-week self-study phase
(Figure 1). The pre-test phase consisted in an initial
fifty-minute pre-test, and five months later, a second
fifty-minute pre-test. Participants individually completed
all pre-tests in the digital learning environment available
at Université de Montréal. The first pre-test assessed
students’ problem-solving skills in selecting appropriate
electrotherapeutic currents to treat patients with motor
deficits. The first pre-test aimed at categorizing students
according to their proficiency in this problem-solving
skill. Students in the novice or advanced learners group
had undergone an initial categorization according to the
results of the first pre-test. Details pertaining to this
categorization are explained in the next section. The sec-
ond pre-test also assessed students’ problem-solving
skills and was performed to test categorization of partici-
pants based on the results of the first pre-test. The sec-
ond pre-test was performed just before students
participated in the learning activities of the guided and
self-directed learning phases. To compare problem-
solving ability between novice and advanced learners
during the pre-test phase, a 2 × 2 factorial design was
used with “Learner’s Prior Ability” (novice vs. advanced
learners) as a between-subjects factor and “Time Mo-
ment” (first vs. second pre-tests) as a within-subjects
factor.
After the pre-test phase, students categorized as nov-
ice or advanced learners were then randomly assigned to
either the concept map completion condition or the
concept map study condition. Then, participants partici-
pated in a 130-min guided-learning phase. This phase
included an 80-min online learning session with worked
Fig. 1 Flowchart of study activities
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examples and activities based on concept maps (i.e., con-
cept map completion or study), followed by a 50-min
immediate post-test (Fig. 2). Then, students participated
in a four-week self-study phase. During this phase, stu-
dents had unlimited online access for three weeks to the
learning activities performed during the guided-learning
phase. One week later, students participated in a 50-min
delayed post-test. Participants individually completed all
the post-tests and learning activities in the digital learning
environment. To assess learning outcomes during the
guided-learning phase and the self-study phase, a 2 × 2 × 2
factorial design was used with “Learning Condition” (con-
cept map completion vs. concept map study) and
“Learner’s Prior Ability” (novice vs. advanced learners) as
between-subject factors and “Time Moments” (immediate
vs. delayed post-tests) as a within-subjects factor.
Pre-test phase
Model for categorizing participants’ proficiency level
The Dreyfus skill acquisition model was used to categorize
participants according to their proficiency level for the
skill to bebeing learned before they participated in the
learning activities [54, 55]. According to this model,
learners can be categorized as novice, advanced beginner,
competent, proficient or expert. Novice learners have little
to no knowledge of the task being learned, whereas ad-
vanced beginners start coping with real situations and can
show marginally acceptable performance. Learners are
considered competent when they consistently show an ac-
ceptable level of performance in the skill being learned. As
competent learners gain experience, they show increasing
levels of performance and eventually become proficient
learners, even experts. Based on the Dreyfus model and
on experience with previous cohorts of students, it was
expected that each participant in this cohort would be cat-
egorized as either a novice, or as a learner with a higher
skill level than a novice (i.e., advanced learner which could
potentially include the advanced beginner, competent,
proficient and expert levels of Dreyfus model). Based from
experience with previous cohorts, it was expected that
novice learners would have a mean performance below
60%, whereas advanced learners would have a mean per-
formance above 60% of the maximum in the first pre-test.
Futhermore, based on previous experience, it was ex-
pected that advanced learners would have more than one
month of clinical experience in the skill being learned in
this study. Therefore, it was decided a priori that partici-
pants would undergo an initial categorization based on
the results of the first pre-test. They would be categorized
as novice learners if they were unable to achieve an ac-
ceptable level of performance during the first pre-test (i.e.,
mean performance below 60% across pre-tests). Con-
versely, participants would be categorized as advanced
learners, if they showed at least marginally acceptable per-
formance (i.e., mean performance of 60% or more in the
first pre-test), and if they have at least one month of previ-
ous relevant clinical experience in performing the task
[56]. This categorization would be confirmed if advanced
learners continued to outperform novices, and if novices
did not gain more than one month of clinical experience
in performing the task at the end of the pre-test phase.
The amount of practice required for novice learners to
achieve the level of advanced beginners depends, among
other things, on the complexity of the skill being learned.
Therefore, this amount of practice varies across the skills
studied. In this way, studies in health profession education
Fig. 2 Flowchart of guided-learning phase activities
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have reported learners who were considered advanced be-
ginners after practicing the skill for less than 25 h to up to
one year [57–59]. For the purpose of the present study, it
is relevant to categorize participants between novice
learners and those with a higher skill levels(i.e., advanced
learners). This is because the transition from novice to ad-
vanced beginners is a key step when considering the de-
velopment of problem-solving skills in ill-structured
clinical domains [60]. In fact, this transition is a tipping
point from which learners starts to be able to use non-
analytic reasoning processes that allow them to efficiently
perform ill-structured problem-solving tasks such as the
one used in the present study. It was possible to categorize
students from the same academic level, that is, second-
year physiotherapy students, into novice and advanced
learners in the skill being learned because such clinical
reasoning skill depends more on clinical experience rather
than on students’ academic level [55, 60, 61]. This is in ac-
cordance with previous studies in which students of the
same academic level showed different levels of expertise
when performing a specific skill [61–63].
First pre-test
The first pre-test consisted of problem-solving tasks in
the form of four clinical cases presenting a patient with
a physical impairment causing a movement disorder.
After reading each case, participants had to answer the
following short-answer questions: “What is the most ap-
propriate electrotherapy intervention in this case?” (1
point) and “What are the optimal adjustment parameters
for the electrotherapy intervention selected?” (2 points)
(see Appendix A). The maximum score on this test was
twelve. Reliability of the prior ability test was sufficient
for group comparison (Internal consistency with twelve
questions: Cronbach’s α = 0.89). The score obtained was
converted to a percentage. Short-answer questions on
diagnoses and therapy recommendations based on a pa-
tient case study, such as those used in the tests of the
present study, can assess clinical reasoning [64–67]. The
first pre-test also included other suitable questions on
other topics (i.e., use of electrophysical agents in physio-
therapy other than electrotherapeutic currents) ran-
domly presented. Moreover, the first pre-test also
included three questions about students’ previous train-
ing related to physiotherapy and the amount of clinical
experience with electrophysical agents. These questions
read as follows: “Did you have any previous training re-
lated to physiotherapy before your admission to the
current physiotherapy program (Yes/No)?”; “What was
your previous training related to physiotherapy/rehabili-
tation before the current physiotherapy program (eg.,
BSc in Kinesiology, physiotherapist assistant)?”; “Provide
the amount of clinical experience (in months) you have
(including rotations, work with sports teams, volunteer
work) in selecting electrophysical agents to treat patients
with movement disorders.” Assessement of the results of
this test and the short questionnaire confirmed that each
second-year physiotherapy student could be categorized
as either a novice or advanced learner. Twenty-nine stu-
dents were assigned to the advanced learners group (22
women; mean age ± SD: 23.6 ± 3.9 years) because they
met both of the following conditions: they showed ac-
ceptable performance in the skill being learned by scor-
ing 60% or more on the first pre-test, and theystated
having had more than one month of previous experience
in using electrophysical agents to treat patients with
movement disorders. The rest of the participants, that is,
thirty-two participants, were assigned to the novice
learners group because they scored less than 60% (22
women; 21.7 ± 1.6 years). Age was significantly higher in
participants assigned to the advanced learners group
than in those assigned to the novice learners group (Stu-
dent’s t (59) = 2.482; p = .016, two-tailed).
Second pre-test
The second pre-test assessed problem-solving perform-
ance and conceptual knowledge, and also included the
same three open questions about students’ previous
training and clinical experience as used in the first pre-
test. Problem-solving performance was measured with
four tasks, consisting of a short case study scenario and
the following questions for students to answer: 1) “What
is the most appropriate electrotherapy intervention in
this case?” (1 point); 2) “What are the optimal adjust-
ment parameters for the electrotherapy intervention se-
lected?” (2 points); and 3) “What key characteristics of
the case justify the intervention selected?” (2 points) (see
Appendix D). These cases were different from those
used in the first pre-test. The maximum score was 20
points (Internal consistency with twelve questions:
Cronbach’s α = 0.87). Conceptual knowledge was evalu-
ated with five multiple-choice questions with one best
answer (2 points) or an alternative answer accepted (1
point) (see Appendix C). The maximum score was ten
points (Internal consistency with five questions: Cron-
bach’s α = 0.73). Conceptual knowledge can be assessed
using multiple choice questions [68, 69] when these
questions assess learners’ understanding of principles
governing a field of interest and the interrelations be-
tween units of knowledge [46].
Comparison of prior ability between novice and advanced
learners
In order to test the categorization of novice and ad-
vanced learners after the results of the first pre-test, ana-
lyses were performed to compare problem-solving
performance between the two groups across the two
pre-tests. Analyses showed that there was a significant
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main effect of learners’ prior ability (large effect size) on
problem-solving performance during the pre-test phase
(Table 1). Follow-up t-tests on problem-solving perform-
ance averaged across the two pre-tests indicated that
mean performance in the advanced learners group
(Mean ± SD: 70.7 ± 14.8%) was higher (t (60) = 8.838, p <
.001, two-tailed, Cohen’s d = 2.281: large effect size) than
in the novice learners group (44.7 ± 11.2%). Advanced
learners showed higher problem-solving performance
than novice learners on the first pre-test (t (59) = 12.665,
p < .001, two-tailed, Cohen’s d = 3.236: large effect size)
and on the second pre-test (t (59) = 18.713, p < .001,
two-tailed, Cohen’s d = 4.872: large effect size) (Table 1).
There was a significant main test moment effect
(medium effect size) on problem-solving performance,
with a tendency of higher mean performance across
groups on the first pre-test (59.0 ± 20.4%) than on the
second pre-test (55.9 ± 16.4%). There was also a signifi-
cant learners’ prior ability x test moment interaction ef-
fect (large effect size) on problem-solving performance.
Follow-up t-tests on problem-solving performance
showed that problem-solving performance in novice
learners was lower on the first pre-test than on the sec-
ond pre-test (t(31) = 2.552, p = .016), whereas in ad-
vanced learners performance was higher on the first pre-
test than on the second pre-test (t (28) = 6.025, p <
.001). To assess whether there was a difference in con-
ceptual knowledge performance before the learning ac-
tivities according to learners’ prior ability, a t-test was
performed to compare conceptual knowledge on the
second pre-test between novice and advanced learners.
This test revealed a non-significant difference between
novice and advanced learners in conceptual knowledge
on the second pre-test (t (59) = .774; p = .442). In order
to assess whether there could be changes in the
categorization of participants based on their clinical ex-
perience in the skill being learned during the pre-test
phase, their answers in the second pre-test to three ques-
tions about students’ previous training related to physio-
therapy and the amount of clinical experience in using
electrophysical agents were assessed. This assessement
showed that participants’ answers in the first pre-test were
consistnt with their answers on the second pre-test and
that no participant gained significant clinical experience
during the pre-test phase. This analysis confirmed that
students can be categorized in two prior ability groups
(i.e., novice and advanced learners) and that no students
changed their prior ability level category during the pre-
test phase. Within each prior ability level, students were
randomly assigned to either the concept map completion
condition (novice learners: N = 16; advanced learners: N =
15) or the concept map study condition (novice learners:
N = 16; advanced learners: N = 14).
Guided-learning phase
After the second pre-test in the pre-test phase, students
had a ten-minute break and then participated in a 130-
min. Guided-learning phase. All activities in this phase
were monitored and students performed them individu-
ally in the digital learning environment at the university.
Figure 2 presents the timeline of the activities performed
during the guided-learning phase. Firstly, participants
had to participate in three learning modules presented
in random order. Each module consisted of a worked ex-
ample and an additional integrative learning activity
(concept map completion or concept map study depend-
ing on the assigned condition). Each worked example
was presented for eight minutes with the following in-
structions: “You have 8 minutes to carefully study the
following example.” The development procedure of
worked examples is described in the Materials section.
After each worked example, students had 10 min to par-
ticipate in the integrative activity, depending on their
randomly assigned condition. This activity involved 1)
completing a concept map that represented the princi-
ples of intervention selection from a sheet on which key
concepts were already presented (Concept map comple-
tion condition); or 2) studying a model concept map
presenting the principles of intervention selection (con-
cept map study condition). In the concept map comple-
tion condition, participants constructed a concept map
throughout the guided learning phase. Similarly, for the
Table 1 Mean problem-solving performance (SD) across the first and second pre-test of the pre-test phaseexpressed as a percentage of
the maximum score, and 2 × 2 ANOVA results for the effects of learners’ prior ability, time moment and factor interaction
Learning outcome Advanced learners Novice learners 2 × 2 ANOVA
Main effects Interaction effect
First
pre-test
Second
Pre-test
Mean First
pre-test
Second
Pre-test
Mean Statistical
value
Prior
ability
Test
moment
Prior ability x Test
moment
Problem-solving
performance
77.1 (11.9) 65.8 (14.9) 70.7 (14.8) 42.7 (9.3) 47.1 (12.3) 44.7 (11.2) F(1,57) 86.840 7.306 38.057
MSE 21,492.292 361.266 1881.896
P < .001 = .009 < .001
ηp
2 .595 .110 .392
MSE represents mean-square error value; ηp
2 represents effect size (partial eta square) calculated for all comparisons. Statistically significant p values (p < .05) are
presented in bold
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concept map study condition, participants studied a
model concept map throughout the guided learning
phase. The concept map development procedure is de-
scribed in the Materials section. Directly after each ac-
tivity (i.e., example study, concept map study or concept
map completion) participants had to rate the mental ef-
fort they invested while working through the activity.
The mental effort rating scale is described in the Mate-
rials section. Students took a 5-min break after complet-
ing each module. Then they had fifty minutes to
complete the immediate monitored post-test, after which
they rated the mental effort invested in the test. The de-
tails of the immediate post-test are described in the Ma-
terials section. The duration of each activity was pilot-
tested with students from a previous cohort who did not
participate in the present study.
Self-study phase
After completing the immediate post-test in the guided-
learning phase, students were instructed to participate in
the self-study phase. During the four-week self-study
phase, students were allowed to participate in a three-
week, self-study session during which they could access
the modules online from anywhere, at any time and for
as long as they wanted. They were instructed not to
work together or help each other while performing the
self-study phase and not to discuss the material or activ-
ities they were involved in during the guided and self-
study phases. Students in the concept map completion
group had access to the concept map they worked on
during the guided learning session. They were instructed
to continue improving their concept map. Students in
the concept map study group had access to the model
concept map they studied during the guided learning
session. They were instructed to continue studying the
model concept map. The digital learning environment
recorded and compiled the duration of each log-on ses-
sion for each participant. All participants were instructed
to spend at least seventy minutes on completing the
learning activities of the self-study phase, which is, at
the very least, the amount of time they spent on the
modules (examples + concept map) in the guided learn-
ing session. One week after the self-study session, stu-
dents took part in a monitored delayed post-test at the
university and had a maximum of ninety minutes to
complete this test. The details of the delayed post-test
are described in the Materials section.
Materials
Worked examples
Three worked examples were used in the learning ses-
sion for this study. The development procedure for these
examples was described in another study [5]. The
worked examples were process-oriented and presented
clinical cases of patients admitted to physiotherapy for a
physical impairment resulting in motor deficits (e.g.,
weakness, lack of coordination, motor control deficits).
The worked examples were designed according to May
and Newman’s sequence of actions for solving physio-
therapy problems and the SOAP note model [70, 71].
This sequence of actions includes: problem recognition,
problem definition, problem analysis, data management,
solution development and solution implementation [70,
72]. The worked examples integrated these actions and
were presented in the form of a SOAP note. The SOAP
note model, which includes reporting Subjective and
Objective information, Assessment of the problem and
Plan for treatment, is widely used in various health pro-
fessions [71, 73].
Each written worked example (see Appendix B) de-
scribed a) the clinical problem of a patient in consult-
ation with a physiotherapist; b) the physiotherapist’s
detailed clinical reasoning, raising several hypotheses
about potential electrotherapeutic currents and explain-
ing why they were or were not suitable for the case; c)
the electrotherapeutic current selected by the physio-
therapist; d) the application parameters of the electro-
therapeutic current chosen (e.g., electrode placement,
intensity, stimulation frequency, duration of treatment);
and e) the key elements of the clinical case and context
justifying the intervention selected [5].
Concept maps
For the concept map completion condition, one of the
co-authors (JOD) created an incomplete concept map
using the free IHMC Cmap software tool available on-
line (http://cmap.ihmc.us/). This incomplete map only
presented concepts in boxes with rounded edges without
presenting the links explaining the relationships between
the concepts. The presented concepts were the main
concepts of the decision-making processes used to select
the type of electrotherapeutic current to treat a motor
deficit. These concepts were similar to those provided in
the worked examples and were chosen based on their
relevance in answering the specific question presented at
the top of the map [5]. The main question for the in-
complete concept map reads as follows: “How do you
choose an appropriate electrotherapeutic current for a
motor deficit?” (see Additional file 1).
As for the concept map study condition, the second
author created a model concept map using the same
software as the incomplete map. This map presented a
visual diagram of the decision-making process used to
select the electrotherapeutic current to treat problems
associated with motor deficits [5]. Hierarchical concept
maps present concepts in a ranking order, with most
general and inclusive concepts at the top of the map and
more specific concepts arranged below. The model
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concept map incorporated the information provided by
the worked examples. It was developed to answer a spe-
cific question, which was presented at the top of the
map. The main question reads as follows: “How do you
choose an appropriate electrotherapeutic current for a
motor deficit?” (see Additional file 2).
Immediate post-test
The immediate post-test evaluated conceptual know-
ledge, near transfer performance and far transfer per-
formance. Conceptual knowledge on the immediate
post-test was evaluated with five multiple-choice ques-
tions that shared the same format but were different
from those of the second pre-test. The maximum score
was ten points (Internal consistency with five questions:
Cronbach’s α = 0.72). Near transfer was evaluated with
four cases that had the same format and required the
same treatment as the four problem-solving tasks in the
second pre-test and the worked examples in the learning
session, but had different cover stories (i.e., story of pa-
tient’s main complaint). The maximum score was 20
points (Internal consistency with twelve questions Cron-
bach’s α = 0.80). In this study, near transfer refers to
learners’ capacity to solve new problems that require
problem-solving strategies that are similar to the strat-
egies they have studied. Near transfer performance can
be assessed by requiring learners to solve problems that
show different superficial characteristics (i.e., informa-
tion that is not required to find problem-solution
strategies), but similar deep structure (i.e., solution pro-
cedure) compared to the problems they have learned
[13, 14, 74]. Far transfer in the immediate post-test was
evaluated with three tasks that had the same format as
the near transfer tasks (see Appendix E). However, the
cover stories were different and required different treat-
ments from those presented in the worked examples.
The maximum score was 15 points (Internal consistency
with nine questions: Cronbach’s α = 0.71). In this study,
far transfer refers to learners’ capacity to solve new prob-
lems that require problem-solving strategies that are dif-
ferent from the strategies they have studied. Far transfer
performance can be assessed by requiring learners to
solve problems that show different superficial character-
istics and deep structure compared to the problems they
have learned [13, 14, 75].
Delayed post-test
The delayed post-test evaluated conceptual knowledge,
near transfer performance and far transfer performance.
Conceptual knowledge on the delayed post-test was
evaluated with ten multiple-choice questions that shared
the same format but were different from those of the im-
mediate post-test. The maximum score was 20 points
(Internal consistency with ten questions: Cronbach’s α =
0.64). Near transfer was evaluated with six tasks that
were comparable to those on the immediate post-test
(and worked examples) but again had different cover
stories. The maximum score was 30 points (Internal
consistency with eighteen questions: Cronbach’s α =
0.77). Far transfer was evaluated with six tasks that were
comparable to those on the immediate post-test but with
different cover stories. The maximum score was 30
points (Internal consistency with eighteen questions:
Cronbach’s α = 0.71). All test tasks showed sufficient in-
ternal consistency reliability for group comparison
(Cronbach’s α ≥ 0.60). All scores obtained in these tests
were converted to percentages to allow for comparison.
Mental effort rating scale
The mental effort invested in the learning activities and
the post-tests was evaluated after each task with a nine-
point subjective rating scale ranging from 1, which rep-
resented very, very low mental effort to 9, which repre-
sented very, very high mental effort. This scale,
developed by Paas (1992), is widely used in educational
research [1, 76]. Mental effort ratings provide an indica-
tion of the cognitive load experienced by the learner
while performing a task [77, 78].
Learning environment
The pre-tests, post-tests, worked examples, concept map
tools, concept maps and mental effort rating scales were
presented to the participants within the Université de
Montréal’s digital learning environment. This environ-
ment was designed based on the e-learning Moodle plat-
form (version 2.5). All participants were familiar with
this learning environment given that they had been
using it regularly for over a year in other courses. An-
swers to tests and mental effort rating scales were en-
tered into the learning environment and analyzed a
posteriori.
Data analysis
Tests scoring procedure
Problem-solving performance on the pre- and post-tests
was scored using the same procedure. For each question,
a pre-determined checklist of acceptable responses and a
scoring grid associated with these responses were used.
The checklist was drafted by the physiotherapist who
conducted the interviews with the expert physiothera-
pists, and was further revised by an experienced physio-
therapy instructor. In order to determine the reliability
of the scoring procedure, two independent raters un-
aware of the experimental procedure scored approxi-
mately 10% of the data (i.e., 7 participants). The intra-
class correlation coefficients (ICC) for the two independ-
ent evaluators were 0.94 for the pre-test, 0.93 for the im-
mediate post-test and 0.95 for the delayed post-test. Due
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to these high correlations, the rest of the scoring was
done by only one of the raters whose scores were used
in the analysis. All test results were presented as a per-
centage of the maximum score to allow comparison be-
tween the tests.
Assessment of learning outcomes
To check for differences in learning outcomes according
to learning condition (cf. first objective of the study) and
learners’ prior ability (cf. second objective of the study)
as between-subjects factors, and test moment (immedi-
ate vs. delayed post-tests) as a within-subjects factor, 2 ×
2 × 2 mixed ANOVAs were conducted on conceptual
knowledge, near transfer and far transfer performance.
Assessment of mental effort invested
To assess differences in mental effort investment during
learning as a function of the learning condition (cf. third
objective of the study) and learners’ prior ability factors,
a 2 × 2 ANOVA was performed on the mental effort
invested during the guided-learning session. To check
for differences in the mental effort associated with post-
tests according to the learning condition (cf. fourth ob-
jective), learners’ prior ability and test moments, a 2 ×
2 × 2 mixed ANOVA was performed on the effort
invested across post-tests.
Assessment of time on task during the self-study phase
To assess differences in time on task during the self-
study phase as a function of the learning condition and
learners’ prior ability factors, a 2 × 2 ANOVA was per-
formed on the log-on time during the self-study session.
Effect sizes were measured using partial η2 with .01,
.06 and > .14 considered as weak, medium and large ef-
fect sizes, respectively [79]. P values ≤ .05 were consid-
ered significant. Student t-tests were performed as
follow-up tests when ANOVAs showed significant ef-
fects. Effect sizes of significant differences on t-tests
were measured using Cohen’s d with .2, .5 and .8 consid-
ered as weak, medium and large effect sizes, respectively
[79]. Statistical analyses were performed using the Statis-
tical Package for Social Science (SPSS) software (version
19 for Windows).
Results
Effects of the learning condition: Concept map
completion vs. concept map study
Analyses were performed to compare the learning effects
of concept map study and concept map completion for
fostering far transfer, near transfer and conceptual
knowledge (cf. first objective of the study). There was a
significant main effect (large effect size) of the learning
condition on far transfer performance across both post-
tests, with concept map completion outperforming the
concept map study condition (Table 2). There was no
learning condition x test moment interaction effect on
far transfer performance across post-tests. Analyses of
near transfer performance across both post-tests showed
a significant main effect of the learning condition
(medium effect size), with concept map completion out-
performing the concept map study condition (Table 2).
There was no learning condition x test moment inter-
action effect on near transfer across post-tests. Analyses
of conceptual knowledge across both post-tests showed
no significant main effect of the learning condition
(Table 2). However, there was a significant learning con-
dition x test moment interaction effect (medium effect)
on conceptual knowledge (Table 2). Follow-up t-tests in-
dicated that on the immediate post-test, conceptual
knowledge (60.7 ± 17.2%) was higher in the concept map
study condition than in the concept map completion
condition (50.6 ± 18.4%, t (59) = 2.194, p = .032, two-
tailed, Cohen’s d = .567, medium effect size). However
on the delayed post-test (i.e., the post-test, after the self-
directed study session), conceptual knowledge was not
significantly different between the two conditions (con-
cept map completion: 87.4 ± 10.0%; concept map study:
86.0 ± 9.7%, t(59) = .563, p = .575, two-tailed) (Table 2).
Effects of learners’ prior ability: Novice vs. advanced
learners
Analyses were performed to compare the learning effects
between novice and advanced learners on far transfer,
near transfer and conceptual knowledge (cf. second ob-
jective of the study). Analyses of far transfer perform-
ance across both post-tests showed no main effect of
learners’ prior ability and no significant interaction effect
(Table 2). Analyses of near transfer performance across
both post-tests showed a significant main effect of
learners’ prior ability (medium effect size), with ad-
vanced learners outperforming novice learners (Table 2).
There was no interaction effect of learners’ prior ability
x learning condition on near transfer performance across
post-tests. However, analyses showed a significant
learners’ prior ability x test moment interaction effect
(large effect size) on near transfer performance (Table
2). Follow-up t-tests indicated that advanced learners
(69.6 ± 19.4%) outperformed (t(59) = −2.87, p = .006,
two-tailed) novice learners (56.4 ± 16.6%) on the imme-
diate post-test but no longer on the delayed post-test
(after the self-directed study phase; advanced: 86.6 ±
10.8%, novice: 84.4 ± 11.9%; t(59) = .748, p = .457, two-
tailed). Analyses of conceptual knowledge across both
post-tests showed no significant effect of learners’ prior
ability. However, there was a significant learners’ prior
ability x learning condition interaction (medium effect
size) (Table 2). Follow-up t-tests on conceptual know-
ledge averaged across both tests, indicated that for
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advanced learners, concept map study (76.8 ± 7.8%) was
more effective (t(27) = 2.532, p = .017, two-tailed, Cohen’s
d = .949, large effect) for conceptual knowledge acquisition
than concept map completion (67.0 ± 12.4%). However,
for novice learners, there was no effect of the learning
condition on conceptual knowledge (concept map com-
pletion: 70.9 ± 10.2%; concept map study: 70.3 ± 11.3%;
t(30) = .164, p = .871, two-tailed).
Mental effort invested in the guided-learning activity
Analyses were performed to compare the mental effort
invested by learners in the guided-learning activity be-
tween concept map study and concept map completion
(cf. third objective of the study). There was a main effect
of the learning condition (large effect size) on the mental
effort invested by learners in the guided learning activity,
with higher mental effort invested in concept map com-
pletion than in concept map study (Table 3). There was
no significant main effect of learners’ prior ability and
no prior ability x learning condition interaction effect on
the mental effort invested during the guided learning
activity.
Mental effort invested in the post-tests
Analyses were performed to compare the mental effort
invested by learners across post-tests between concept
map study and concept map completion (cf. fourth ob-
jective). There was no significant main effect of the
learning condition or of learners’ prior ability on the
mental effort invested by learners across post-tests
(Table 4). However, there was a main learners’ prior abil-
ity x test moment interaction effect (medium effect size)
on the mental effort invested across post-tests. Follow-
up t-tests showed that novice learners invested more
mental effort (7.2 ± .9) than advanced learners (6.4 ± 1.1,
t(59) = 3.326, p = .003, Cohen’s d = .782, large effect size)
on the immediate post-test, whereas this difference was
not observed with the delayed post-test (novice: 6.3 ±
1.9; advanced: 6.6 ± 1.4, t(59) < 1, p = .477). There were
no other significant interaction effects on the mental ef-
fort invested in the post-tests (Table 4).
Log time during the self-study session
We also checked for possible differences in time on task
during the self-study session as this might be an alterna-
tive explanation for differences in learning outcomes.
Analyses showed no significant difference in the total
log time spent on the digital learning environment dur-
ing the self-study session (Table 5) between learners en-
gaged in concept map completion and those engaged in
concept map study (no main learning condition effect).
There was also no significant difference in log time be-
tween novice and advanced learners (no main learners’
prior ability effect). Moreover, there was no interaction
effect (Learning condition x Learners’ prior ability) on
the time on task during the self-study phase.
Discussion
In this study, novice and advanced learners studying
worked examples were additionally engaged in concept
map completion or concept map study to foster meaning-
ful learning of physiotherapy intervention knowledge. The
first objective of this study was to investigate which of
these additional activities would be best for fostering
meaningful learning of physiotherapy intervention know-
ledge. It was expected that concept map completion
would be more effective than concept map study for fos-
tering problem-solving skills. The second objective was to
explore whether there would be differences between nov-
ice and advanced learners in benefitting from concept
map completion and concept map study. It was hypothe-
sized that both novice and advanced learners would simi-
larly benefit from concept map completion and concept
map study because physiotherapy intervention knowledge
deals with ill-structured problems. The third objective was
to compare the mental effort invested by learners in the
guided learning phase. It was expected that concept map
study would be less cognitively demanding than concept
map completion. Finally, the fourth objective was to com-
pare the mental effort invested by learners across post-
tests between the concept map completion and concept
map study condition. It was hypothesized that learners en-
gaged in concept map completion would invest less
Table 3 Mean mental effort invested (SD) in the guided learning activity, and 2 × 2 ANOVA results for the effects of learners’ prior
ability, learning condition and factor interaction
Learning condition Learners’ prior ability 2 × 2 ANOVA
Main effects Interaction effect
Concept map
completion
Concept map
study
Advanced
learners
Novice
learners
Statistical
value
Learning
condition
Prior
ability
Learning condition
x Prior ability
Mental effort invested (max =9) 7.1 (0.9) 6.3 (1.1) 6.6 (1.0) 6.9 (1.2) F(1.57) 9.048 .944 .475
MSE 9.796 1.076 .515
P .004 .323 .493
ηp
2 .137 .017 .008
MSE represents mean-square error value; ηp
2 represents effect size (partial eta square) calculated for all comparisons. Statistically significant p values (p < .05) are
presented in bold
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mental effort while performing post-tests assessing
physiotherapy intervention knowledge than learners en-
gaged in concept map study.
Concept map completion versus concept map study
The results of the present study suggest that concept map
completion can foster more meaningful learning of
physiotherapy intervention knowledge compared to con-
cept map study in learners engaged in example-based
learning with worked examples. In health profession edu-
cation, meaningful learning is achieved when learners are
able to use the knowledge acquired to solve clinical prob-
lems that are different from the problems studied, or pre-
sented within a context that is different from a learning
context [19–21]. In the present study, physiotherapy inter-
vention knowledge was assessed by problem-solving per-
formance and conceptual knowledge. Problem-solving
performance was evaluated by learners’ capacity to solve
problems that were different from those studied. Mean-
ingful learning was achevied in learners that were able to
transfer the strategies learned to solve new problems. In
this way, it could be said that the better learners were at
solving new problems, the more meaningful learning they
achieved.
As for the transfer of problem-solving skills, learners
engaged in concept map completion outperformed those
engaged in concept map study on near and far transfer
performance on both post-tests (even though time on
task in the guided-learning session and the self-study
phase were equal), regardless of the learners’ prior abil-
ity. Concept map completion led to better near transfer
than concept map study. This means that learners en-
gaged in concept map completion were more able to
directly apply the principles learned in the worked ex-
amples to solve new problems that have different super-
ficial features but require similar strategies to those
studied [23, 80]. Concept map completion also led to
better far transfer than concept map study. This means
that learners engaged in concept map completion were
more able to solve problems that require adaptation of
the problem-solving strategy learned in the examples
[23, 80]. This finding shows that, when exposed to new
problems, students who completed concept maps after
example study were better able to recognize when the
learned strategies could be used and adapt them or gen-
erate new strategies when necessary. In light of these
results, educators might consider providing activities in-
volving concept map completion to foster meaningful
learning of problem-solving ability in health profession
learners engaged in worked example study.
It is unclear how concept map completion can foster
more meaningful learning than concept map study. In
the present study, both concept map completion and
concept map study allowed learners to deepen their un-
derstanding of the underlying structure of the worked
examples studied. Note that students engaged in concept
map completion were required to actively fill in missing
information, which is something they may or may not
have been able to do. As such, the completion activity
may have given learners better insight into what they
have and have not yet learned (i.e., a metacognitive mon-
itoring effect; cf. Baars et al., 2013, who found that ex-
ample completion increased effort and reduced students’
overestimation of their future test performance), thereby
allowing them to focus on their shortcomings during
subsequent example study as well as during the self-
regulated learning phase [81].
It should be noted that, at first sight, these findings
are at odds with those of the previous study by our team,
in which concept map completion after pairs of worked
examples and completion problems, did not promote
transfer compared to concept map study [5]. However,
in that prior study, the presence of completion problems
in both conditions, may have diminished the metacogni-
tive monitoring effect of map completion. Moreover,
learners were engaged in concept map completion on
several different topics and for a short time period dur-
ing a single learning session. This contrasts with the
present study in which learners were engaged in concept
map completion on the same topic during a guided-
learning session and had access to those concept maps
during a self-study phase. In line with the present study,
Table 5 Mean time on task during the self-study phase (SD), and 2 × 2 ANOVA results for the effects of learners’ prior ability, learning
condition and factor interaction
Learning condition Learners’ prior ability 2 × 2 ANOVA
Main effects Interaction effect
Concept map
study
Concept map
completion
Novice
learners
Advanced
learners
Statistical
value
Learning
condition
Prior
ability
Prior ability x Learning
condition
Time on task
(min.)
95 (39) 88 (36) 92(44) 91(29) F(1,57) .524 .016 .085
MSE 770.790 24.256 125.251
P .472 .898 .772
ηp2 .009 <.001 .001
MSE represents mean-square error value; ηp
2 represents effect size (partial eta square) calculated for all comparisons
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several studies have found that concept mapping was su-
perior to traditional teaching for acquiring knowledge
and fostering problem-solving abilities in health profes-
sion education [7, 20, 30]. In these studies, learners were
engaged in concept mapping on the same topic in a re-
petitive manner over a period of time. For example,
Gonzalez et al. (2008) found that medical students who
constructed concept maps related to cardiovascular
physiology during four sessions lasting 2 h performed
better on a problem-solving exam, but not on a
multiple-choice exam, than students attending the same
number of sessions in a traditional course [20]. Some
evidence suggests that the effectiveness of learning with
concept mapping might depend on the time dedicated
to this activity. In this way, nursing students engaged in
creating concept maps describing clients’ physiological
and psychosocial needs showed a steady increase in the
quality of the concept maps generated over the course of
three semesters of training [82]. Similarly, nursing
students participating in concept mapping during a 16-
week community-based mental health course, signifi-
cantly improved their ability to identify patterns and re-
lationships to plan and evaluate nursing care [83]. Wilgis
and McConnell (2008) found an improvement in critical
thinking in novice graduate nurses attending a 2-day
hospital orientation in which they had to construct con-
cept maps that reflected the main objectives of a pa-
tient’s care plan [84]. Moreover, it seems that as the
number of topics addressed in concept mapping in-
creases, so too does the amount of time that must be
spent on this activity to achieve effective learning. Junior
medical students engaged in a 8-week module involving
concept map completion dealing with diverse common
cardiovascular, renal and gastrointestinal diseases showed
better understanding of the pathogenesis of diseases com-
pared to students engaged in case-based learning on the
same topics [30]. Nutrition study students who con-
structed, over the course of a nine-month internship, six-
teen concept maps presenting standard nutrition care
plans for patients with various disease states/conditions
showed a significant increase in critical thinking during
nutrition assessment [85]. Additionally providing concept
map completion to undergraduate medical students
engaged in a problem-based learning physiology course
fostered meaningful learning of pathophysiological mech-
anisms [19]. In this study, students were engaged in six
blocks (each block lasting 3 weeks, with two weekly ses-
sions) covering the pathophysiological mechanisms of the
digestive, cardiovascular, blood, respiratory, renal and
endocrine systems [20]. This body of evidence suggests
that additionally providing concept mapping or concept
map completion can foster meaningful learning in health
profession learners engaged in case-based or problem-
based learning. When using this learning strategy,
educators should consider the repetitive use of concept
mapping or concept map completion over a certain period
of time in order to achieve effective learning, particularly
when various topics are addressed in a course.
Advanced versus novice learners
Our hypothesis was that advanced and novice learners
would similarly benefit from worked examples study, re-
gardless of the learning condition (concept map study or
concept map completion). This was expected because
the skill to be learned — selecting optimal physiotherapy
intervention while facing a clinical problem — is an ill-
structured task that takes time to fully acquire. So far,
only a few studies have shown an absence of the expert-
ise reversal effect in ill-structured tasks [10, 40]. It is
relevant in the planning of educational activities to in-
vestigate whether this effect is absent because it means
that both novice and advanced learners would similarly
benefit from learning activities combining worked ex-
ample and concept mapping when the task to be learned
is ill-structured (such as clinical reasoning in the health
professions). Although advanced learners had some clin-
ical experience and showed acceptable performance be-
fore participating in the learning activities, they can still
learn from the examples because they have not fully ac-
quired the task yet. Consistent with this hypothesis, far
transfer performance was similarly fostered in novice
and advanced learners, regardless of the learning condi-
tion. This is in accordance with previous studies that
showed an absence of the expertise reversal effect in less
structured domains [10, 40]. The expertise reversal effect
is observed when learning activities benefit novice
learners more than advanced learners [11]. In the
present study, the expertise reversal effect was absent for
far transfer performance because both advanced and
novice learners showed an increased performance in this
task after being engaged in the learning activities. In fact,
in the present study, both advanced and novice learners
had not yet learned how to solve the ill-structured prob-
lems that were used to assess far transfer performance.
Consequently, both advanced and novice learners had to
try to adapt the strategies they had learned, or find new
strategies in order to solve far transfer problems. These
results suggest that both advanced and novice learners
can benefit from worked examples study for fostering far
transfer performance in ill-structured domains. Given
these results, educators should consider using activities
based on worked examples to foster far transfer per-
formance of ill-structured tasks in both novice and ad-
vanced health profession learners.
However, advanced learners outperformed novice
learners in near transfer performance, regardless of the
learning condition. This suggests that, after studying
worked examples, advanced learners were more skilled
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than novice learners in solving problems requiring simi-
lar strategies than those studied in the examples. This
can be explained by the fact that, before the learning
intervention, advanced learners were already more
knowledgeable and skilled in selecting electrotherapeutic
currents than novice learners. In fact, advanced learners
already outperformed novice learners for problem-
solving performance in the pre-test phase. It is possible
that advanced learners continued to maintain an avan-
tage over the novice learners in the immediate post-test,
in which near transfer performance was higher in ad-
vanced learners than in novice learners. However, this
advantage seemed to vanish after the self-study phase
because near transfer performance was no longer signifi-
cantly higher in advanced learners than in novice
learners at the delayed post-test. These results suggest
that when using learning activities based on worked ex-
amples for fostering near transfer ability, educators
should ensure that novice learners are given enough
time to engage in these activities in order to optimally
benefit from them.
As for conceptual knowledge of the physiotherapy
intervention, overall results did not show a main effect
of learners’ prior ability across both post-tests. This
shows that both novice and advanced learners can gain
conceptual knowledge when they engage in learning ac-
tivities based on worked examples. However, the signifi-
cant learners’ prior ability x learning condition
interaction showed that advanced and novice learners
did not benefit from both learning conditions in the
same way. In fact, concept map study fostered more
conceptual knowledge than concept map completion in
advanced learners, but not in novice learners. This is in
contrast to the prior study by our team in which concept
map study fostered more conceptual knowledge than
concept map completion in novice learners (Dyer,
Hudon, et al., 2015). Why did concept map study not
promote more conceptual knowledge than concept map
completion in novice learners as in the prior study? This
discrepancy may have been a consequence of the differ-
ences in time available for map study and map comple-
tion between the two studies. In the previous study,
learners were engaged for only fifteen minutes in con-
cept map completion or concept map study per topic
(there were multiple topics), whereas in the present
study, learners spent forty-five minutes completing or
studying a concept map on a single topic during the
guided-learning session, and could go back to that map
during the self-study phase. As such, having to engage in
map completion while not having sufficient time or lack-
ing the knowledge to do so, would have played a role in
giving concept map study an advantage over concept
map completion in the prior study but less so in the
present study.
It is remarkable, however, that map study did benefit
advanced learners. From a typical expertise reversal ef-
fect perspective, one would have expected that the ad-
vanced learners, who already possessed more conceptual
knowledge (see Table 1) even though the differences
with the novice learners was not statistically significant,
did not need the instructional guidance provided by the
filled-out concept map. From this perspective, one
would expect novice learners not advanced learners, to
benefit from map study. However, as mentioned earlier,
prior research has already shown that the typical expert-
ise reversal effects found in highly structured tasks, may
not apply to ill-structured tasks, such as reasoning about
legal (Nievelstein et al., 2013) or medical (Ibiapina et al.,
2014) cases, where even advanced learners still benefit
from high levels of instructional guidance. The task used
in the present study (i.e., selecting optimal therapeutic
electrical currents in physiotherapy to treat patients with
motor deficits) is also ill structured, and might take time
to acquire. It is possible that because advanced learners
did not fully acquire the skills for performing this task,
they benefited, as did the novice learners, from the high
level of instructional guidance provided by the model
concept map. Moreover, one could also hypothesize that,
in the present study, advanced learners would have
benefited more from concept map study because the
general structure of the model concept map matched
well with their own cognitive schemas. In this way, the
model concept map might have provided novel concepts
that advanced learners were able to more meaningfully
process and memorize; however, this explanation would
have to be investigated in future research.
It should also be noted that there was only a slight dif-
ference in expertise between the novice and advanced
learners in the present study. It is possible that the re-
sults of this study would have been different if the ad-
vanced learners had higher levels of expertise such as
those found among competent or proficient healthcare
professionals or experts [60, 86, 87]. The present study
selected novice and advanced learners because this level
of expertise is most often found in educational settings
(e.g., in pregraduate students who start gaining clinical
experience).. When considering healthcare professionals
in their clinical practice, they are considered competent
when they start to feel comfortable with professional
practice. Proficient professionals understand the clinical
situation as a whole and can plan long-term goals. Ex-
perts have a considerable amount of experience that al-
lows them to have an intuitive grasp of every situation
[54, 56, 87]. It is unclear how learners of higher expertise
compared to advanced learners would benefit from con-
cept map study and concept map completion. On one
hand, one can hypothesize that if expert, proficient or
competent learners had participated in the present study,
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they might have experienced the expertise reversal effect
because the examples would have become redundant and
imposed more cognitive load. On the other hand, more
advanced learners might have benefited more from the ex-
amples if they matched well with their own cognitive
schemas. It is also possible that competent, proficient and
expert learners would have benefited more from concept
map completion than advanced learners, because it might
have been easier for them to complete the concept map if
it fit their own cognitive schemas. Future research should
address the role of learners’ prior conceptual knowledge
and problem-solving skills in example-based learning in
health profession education where problems are generally
ill structured.
Mental effort invested in the guided learning phase
In the present study, the subjective perception of the
mental effort invested by learners was assessed during
the guided learning phase. This measure is an estimate
of the cognitive load associated with the tasks performed
and is relevant when assessing learning activity efficiency
in light of the cognitive load theory [53]. In fact, learning
activities can be considered efficient in terms of learning
processes, whether the mental effort invested is low dur-
ing the learning activity [76]. In the present study,
learners engaged in concept map study invested much
less mental effort during the guided learning phase than
those engaged in concept map completion. However,
concept map study was no more efficient in terms of
learning processes because it did not foster more learn-
ing than concept map completion. This suggests that the
cognitive processes generated by concept map study
took less effort and generated less learning than the cog-
nitive processes induced by concept map completion.
This is in line with the previous study carried out by our
team showing that novice learners engaged in concept
map study invest less mental effort than those engaged
in concept map completion [5]. This can be explained
by the fact that the cognitive actions involved in com-
pleting a concept map are more demanding than those
involved in studying a concept map. Indeed, while com-
pleting the concept map used in the present study,
learners must process the information in order to sub-
sume lower-order concepts under high-order concepts
and use a process of integrative reconciliation to make
links between differentiated concepts [5, 6, 27, 88]. In
contrast, learners engaged in concept map study might
have processed the learning material in a more passive
manner that did not foster in-depth learning. It seems
that the cognitive processes involved in concept map
completion were more effective in fostering learning be-
cause learners engaged in this activity showed better ac-
quisition of problem-solving abilities compared to concept
map study. Educators should consider that although
concept map completion cognitively takes more effortl, it
might foster more learning than concept map study.
Mental effort invested in the learning outcomes tests
The subjective perception of the mental effort invested
by learners was also assessed during the learning out-
come tests (i.e., post-tests). There was no significant
difference in the mental effort invested during the post-
tests between learners engaged in concept map study
and those engaged in concept map completion. This in-
dicates that the post-tests were just as difficult cogni-
tively in both groups. However, concept map completion
led to better problem-solving performance on the post-
tests, suggesting that the cognitive processes used by
learners in this condition were more effective than in
the concept map study condition. This is in line with
our team’s prior study, in which learners engaged in con-
cept map completion or concept map study after study-
ing worked examples invested similar mental effort on
an immediate post-test assessing conceptual knowledge
and problem-solving performance [5]. Future studies
should investigate how learning strategies based on con-
cept maps should be designed to improve learning effi-
ciency in terms of learning outcomes (i.e., higher post-
test performance associated with lower mental effort
invested during the test). In light of the cognitive load
theory, increasing the learning efficiency of educational
strategies is a desirable objective since it suggests that
learners have acquired cognitive schemas that allow
them to perform the task learned with much less mental
effort.
Limitations
A potential limitation of the present study is that learners’
expertise was established based on an ability criterion (low
versus high problem-solving ability) tested five months
prior to the learning activities. However, analyses showed
that advanced learners outperformed novice learners on
problem-solving skills throughout the pre-test phase, that
is, five months beforehand and just before students en-
gaged in the learning activities. Moreover, just before
participating in learning activities, advanced learners out-
performed novice learners on conceptual knowledge
(although not significantly). We cannot exclude the possi-
bility that learners gained knowledge during this time.
One should note that analyses suggests that novice
learners might have gained more knowledge than ad-
vanced learners during the pre-test phase. As an explan-
ation of these results, one can hypothesize that novice
learners were more aware of their shortcomings after the
first pre-test and were therefore more motivated to learn
about the subject during the pre-test phase compared to
advanced learners. However, this increased gain in know-
ledge among novice learners during the pre-test phase
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seems to have a weak influence on the study’s results since
advanced learners continued to outperform novice
learners on problem-solving skills (i.e., near transfer per-
formance) on the immediate post-test performed after the
guided-learning phase.
From an experimental perspective, a limitation of this
study is the lack of examples in the control group only
(i.e., no concept mapping). However, because this study
was conducted in an educational context, it would have
been unethical to withhold a study activity that could be
expected to benefit learners. Another potential limitation
of the present study is the evaluation of conceptual
knowledge using simple multiple-choice questions. This
type of question might have, at least partly, assessed fac-
tual knowledge, which is recall of facts pertaining to the
domain of knowledge rather than conceptual knowledge
which involves deducing the interrelations between these
facts. Future studies should consider assessing concep-
tual knowledge with more complex multiple-choice
questions, for example, questions based on short case
studies that evaluate clinical reasoning or by way of
essay questions. Another limitation of the present study
is the fact that we did not assess what other learning ac-
tivities the learners were involved in during the self-
study phase. Future studies should consider providing
learners with a logbook in which they note the learning
activities that they participate in during the self-study
phase and the time dedicated to those activities.
Conclusion
For learners engaged in example-based learning with
physiotherapy cases in a digital learning environment, add-
itionally providing a concept map to complete, results in
better performance on immediate and delayed problem-
solving transfer tasks than additionally providing a concept
map to study. Studying concept maps, however, seems to
lead to higher conceptual knowledge (at least for advanced
learners). Educators in health professions should consider
providing repetitive use of concept map completion on the
same topic to foster meaningful learning of problem-
solving skills in learners engaged in worked examples
study. Moreover, results of this study suggest that concept
map completion might benefit learning of ill-structured
tasks in both advanced and novice learners involved in
worked examples study. Future studies should investigate
how concept map completion and concept map study ac-
tivities might be combined or sequenced in order to gain
the benefits of both.
Appendix A
Prior knowledge question.
A young professional soccer player comes to your
private clinic for follow-up after suffering a muscle
strain of the right quadriceps six weeks ago during a
game. Your assessment reveals the presence of re-
sidual peri-muscular oedema at the quadriceps and
paresis of the rectus femoris, where voluntary con-
traction is much weaker than the vastus lateralis and
vastus medialis.
Following your assessment, you identified the follow-
ing main problems ranked in priority order:
1- Weakness (4/5) of the right knee extensors.
2- Paresis of the right rectus femoris.
3- Residual peri-muscular oedema of the right anterior
thigh.
4- Decreased range of motion at the end of active ex-
tension of the right knee (quadriceps lag).
5- Decreased endurance in right knee extension.
6- Decreased function of the right knee (during
sports).
7- Pain with active extension of the right knee (6/10).
1) “What is the most appropriate electrotherapy
intervention in this case?” (1 point);
2) “What are the optimal adjustment parameters for
the electrotherapy intervention selected?” (2 points)
Appendix B
Worked example.
A) Initial presentation of the clinical case.
Nadine, a 27-year-old female, suffered an injury 3 weeks
ago while playing soccer, resulting in a grade II sprain of
the lateral collateral ligament of the left knee. During this
period, the sports therapist who works with her team ad-
vised her to stop playing and to follow the “POLICE” treat-
ment method. She arrives at your physiotherapy clinic
walking with one crutch under her right arm. Her left knee
is still slightly swollen despite the use of ice over the last
few weeks. She presents weakness in the left quadriceps
during left unipodal stance and her knee occasionally col-
lapses while walking. Nadine says that she experiences
knee pain with unexpected torsion movements or when her
ligament is more stretched. She would like to start an exer-
cise program that would allow her to get back to playing
soccer as quickly as possible. However, she has little confi-
dence in her knee and still feels too weak.
B) Following subjective (S) and objective (O) assess-
ments: Analysis (A).
Here is the physiotherapist’s line of thinking while ana-
lyzing the situation.
This patient presents significant weakness of the left
quadriceps due to her knee sprain. The inaccurate muscu-
lar activation of the left quadriceps is probably the cause of
the collapsing phenomenon and weakness sensations re-
ported by the patient. It also restricts unipodal weight bear-
ing during gait. My subjective and objective assessments
helped me to eliminate the unlikely assumptions of other
peri-articular lesions (ligaments other than LCL, tendons,
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muscles) or intra-articular lesions such as meniscus tears,
which could have occurred when she was injured on the
field. There is no intrinsic muscle tear in the left quadri-
ceps. Muscle testing shows moderate weakness. Reduced
active range of motion is also present in the last degrees of
extension. Only the LCL ligament test reproduces the pain.
My list of problems, BY PRIORITY, associated with this
case is as follows: 1- Moderate weakness of the quadri-
ceps; 2- ↓ active ROM in extension; 3- Mild oedema at
the left knee; 4- ↓ function in sports activities; 5- Slight
pain; 6- Patient lacks knowledge about her condition.
The wording for my physiotherapy diagnosis would be:
Grade II sprain of the lateral collateral ligament of the
left knee post-trauma, causing oedema and weakness of
the left quadriceps, which limits walking and signifi-
cantly restricts the patient’s participation in sports.
Clinical reasoning behind the treatment plan (P):
Here is the physiotherapist’s line of thinking for his
treatment plan.
Weakness of the left quadriceps results from muscle
reflex inhibition due to intra-articular oedema which de-
veloped following the LCL knee sprain. In order to allow
proper weight bearing on the left limb and quickly re-
turn to sports activities, muscle contraction (within the
full ROM) and proper biomechanics must be restored in
this patient. To achieve this, we should train the quadri-
ceps to achieve the last few degrees of ROM in exten-
sion with or without weight bearing using voluntary
control and strengthening EXERCISES. These active
exercises and resumption of activities involving the use
of the left lower limb more than the right will also con-
tribute to less residual oedema at the left knee.
To facilitate SPECIFIC VOLUNTARY MOTOR RE-
CRUITMENT OF THE QUADRICEPS at the end of
amplitude, an appropriated ADJUVANT NEUROMUS-
CULAR STIMULATION METHOD is needed. There are
a few potential methods to consider. High-voltage stimula-
tion is useful for precise recruitment of deep motor points,
parameters of stimulation, little versatility (e.g., ramp) and
unnecessary polar effects. Training in this case is too ana-
lytical and functional to benefit from high-voltage stimula-
tion. Russian current (depolarized and sinusoidal wave),
strong contraction, recruitment of deep or large muscles,
feasibility (within your clinic context, especially if the whole
muscle, including the vastus intermedius, does not contract
enough or if oedema prevents optimal muscle recruitment.
However, Russian current is not optimal in this case (little
oedema, specific weakness at the end of amplitude) to
achieve more functional stimulation during movement.
(The Russian current system is bulky). Russian current is
not precise enough, provides global stimulation of the
quadriceps and is less flexible than conventional neuromus-
cular stimulation. Moreover, neuromuscular stimulation
using Russian current makes it more difficult to isolate (if
necessary) contraction of a specific vast of the quadriceps
(medial or lateral) that could not contract properly in the
last few degrees of extension (Quads lag). This young pa-
tient could also not use such current at home.
NEUROMUSCULAR ELECTRICAL STIMULA-
TION (NMES) (biphasic or monophasic rectangular
wave stimulation of short duration). This type of current
allows for preferential recruitment of innervated fibers
(similar to high-voltage current and Russian current) but
the parameters are more flexible according to the tar-
geted vast, type of contraction (concentric, eccentric),
type of fibers (long or short pulse duration), ramp time
(rise and fall time), contraction time and targeted train-
ing (at the end or during a portion of the amplitude).
For example, NMES more easily allows for specific re-
cruitment of isolated muscle motor points. Also, by in-
creasing the pulse duration, we can more easily recruit
the small motor fibers of the quadriceps that are difficult
to contract at the end of the movement amplitude. The
change in pulse duration can also have an effect on pain
based on the Gate Control Theory. NMES can be used
during functional activities and the patient, who under-
stands what is expected with this treatment, could even
use it at home to accelerate her recovery, after a thor-
ough patient education session.
C)
Intervention plan (P): Conventional NeuroMuscular Electrical
Stimulation (NMES).
D)
Parameters: Bipolar stimulation on the left quadriceps; Cathode over
muscle motor points of rectus femoris (if 2 channels are available,
over vastus medialis or vastus lateralis as well, if needed) and anode
more proximal near quadriceps’ origin or at the femoral triangle;
Pulse duration = 300 microsec.; Frequency = 50 Hz (or more to induce
tetanization); with voluntary contractions of the left quadriceps in the
last few degrees of knee extension.
E)
Key elements of the clinical case to justify the decision:
No contraindication; Main problem: weakness; Motor control deficit; Will
need a specific training program; Stimulation parameters should be
programmed precisely; Can be used by patient at home (if a portable
device is available).
Appendix C
Conceptual knowledge question.
In neuromuscular electrical stimulation, which of
the following statement(s) is(are) true when it comes
to pulse frequency?
1) For a constant intensity of current (mA), if the
stimulation frequency is increased, there will be an
increase in tension generated by the muscle;
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2) The frequency for achieving tetanization will vary
from one motor unit to another;
3) Pulse frequency selection can influence muscular
fatigue during prolonged muscle stimulation;
4) The sensation felt by the patient varies depending
on the frequency selected.
A) 1, 2 and 3 are correct.
B) 1 and 3 are correct.
C) 2 and 4 are correct.
D)Only 4 is correct.
E) All the above statements are correct.
Appendix D
Near-transfer question.
You provide follow-up care at the outpatient clinic
affiliated with your rehabilitation hospital. A 42-
year-old male comes for a consultation visit. This pa-
tient is a construction worker and is out of work due
to considerable weakness of the left upper limb after
suffering an injury three months ago. He was diag-
nosed with partial denervation of the radial nerve
and a neurosurgeon chose not to operate. The patient
is referred to you for persistent weakness of the left
extensor carpi without further detectable motor
impairment.
Following your assessment, you identified the following
main problems ranked in priority order:
1- Partial denervation of the extensor carpi;
2- Weakness (3+/5) of the left extensor carpi;
3- Decreased left hand function;
4- Mild hypoesthesia of the subcutaneous radial nerve
area of the left forearm and hand;
5- Mild intermittent pain (2/10) along the radial nerve;
6- Mild interstitial oedema of the left hand.
A-What is the most appropriate electrotherapy
intervention in this case? (1 point)
B-What are the optimal adjustment parameters for
the electrotherapy intervention selected? (2
points)
C-What key characteristics of the case justify the
intervention selected? (2 points)
Appendix E
Far-transfer question.
A patient presented with significant interstitial
edema of the right hand after the complete removal of
internal fixation devices for multiple hand fractures
4 days ago. The X-ray report shows complete consoli-
dation of the fractures and no evidence of metal in the
hand. The oedema appears to have resulted in pro-
longed immobilization of the right upper extremity for
2 months. This patient was referred to you for rehabili-
tation of the right hand.
Following your assessment, you identified the following
main problems ranked in priority order:
1- Significant pitting oedema of the right hand;2-
Significant decrease in active and passive mobility of all
right hand movements;3- Moderate pain in the right hand
on active and passive mobilization;4- General weakness of
the right hand;5- Reduced function of the right hand.
A-What is the most appropriate electrotherapy
intervention in this case? (1 point)
B-What are the optimal adjustment parameters for
the electrotherapy intervention selected? (2
points)
C-What key characteristics of the case justify the
intervention selected? (2 points)
Additional files
Additional file 1: Incomplete Concept Map (PDF 909 kb)
Additional file 2: Complete Concept Map (PDF 1545 kb)
Acknowledgements
The authors are grateful to the participants for their cooperation. The authors
also wish to thank Stéphane Boutin for his technical assistance. Joseph-Omer
Dyer received financial support through a grant from the Centre de pédagogie
appliquée aux sciences de la santé (CPASS).
Funding
This study was funded by the Centre de pédagogie appliquée aux sciences
de la santé (CPASS) of Université de Montréal.
Availability of data and materials
The dataset supporting the conclusions of this article is included within the
article’s additional files. Joseph-Omer Dyer is fully responsible for the data,
analyses and interpretation, and the conduct of the research. He had full
access to all of the data as well as the right to publish any and all data,
separate and apart from the attitudes of the sponsors.
Authors’ contributions
KMT prepared the material for the experiments, analyzed the data and
drafted the manuscript. JOD helped prepare the participants for the study,
carried out the experiments, collected and analyzed the data, and drafted
the manuscript. AH helped prepare the material for the experiments and
draft the manuscript. MW helped analyze the data and draft the manuscript.
BC helped draft the manuscript. SM and TVG helped design the experiments,
advised on analyzing the data, and helped draft the manuscript. All authors
read, edited and approved the final manuscript.
Ethics approval and consent to participate
The ethics committee of Université de Montréal’s Faculty of Medicine
approved the study (12-029-CERES-D). Participants gave their informed
consent to participate in the study.S5
Consent for publication
Not applicable. This manuscript contains no individual person’s data in any
form (including individual details, images or videos). Consent forms should
not be attached.
Competing interests
The authors declare that they have no competing interests.
Montpetit-Tourangeau et al. BMC Medical Education  (2017) 17:238 Page 21 of 23
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1School of Rehabilitation, Faculty of Medicine, Université de Montréal, P.O.
Box 6128, Station Centre-Ville, Montreal, QC H3C 3J7, Canada. 2Centre for
Interdisciplinary Research in Rehabilitation of Greater Montreal (CRIR),
Montreal, Canada. 3Centre de pédagogie appliquée aux sciences de la santé
(CPASS), Université de Montréal, Montreal, QC, Canada. 4Department of
Neurology, Montreal General Hospital, Montreal, QC, Canada. 5Institute of
Medical Education Research Rotterdam, Erasmus Medical Center, Rotterdam,
The Netherlands. 6Department of Psychology, Erasmus University Rotterdam,
Rotterdam, The Netherlands. 7Department of Education, Utrecht University,
Utrecht, The Netherlands.
Received: 8 May 2016 Accepted: 16 November 2017
References
1. Boekhout P, van Gog T, van de Wiel MW, Gerards-Last D, Geraets J.
Example-based learning: effects of model expertise in relation to student
expertise. Br J Educ Psychol. 2010;80(Pt 4):557–66.
2. Kopp V, Stark R, Kuhne-Eversmann L, Fischer MR. Do worked examples
foster medical students’ diagnostic knowledge of hyperthyroidism? Med
Educ. 2009;43(12):1210–7.
3. Stark R, Kopp V, Fischer MR. Case-based learning with worked examples in
complex domains: two experimental studies in undergraduate medical
education. Learn Instr. 2011;21(1):22–33.
4. van Gog T, Paas F, van Merriënboer JJG: Process-oriented worked examples:
improving transfer performance through enhanced understanding. Instr Sci.
2004;32(1):83-98. http://www.jstor.org/stable/41953638?seq=1#page_scan_
tab_contents.
5. Dyer JO, Hudon A, Montpetit-Tourangeau K, Charlin B, Mamede S, van Gog
T. Example-based learning: comparing the effects of additionally providing
three different integrative learning activities on physiotherapy intervention
knowledge. BMC Med Educ. 2015;15:37.
6. Novak JD, Gowin DB. Learning how to learn. Cambridge and New York:
Cambridge University Press; 1984. doi:10.1017/CBO9781139173469.
7. Pudelko B, Young M, Vincent-Lamarre P, Charlin B. Mapping as a learning
strategy in health professions education: a critical analysis. Med Educ. 2012;
46(12):1215–25.
8. Dogusoy-Taylan B, Cagiltay K. Cognitive analysis of experts’ and novices’
concept mapping processes. Comput Hum Behav. 2014;36(C):82–93.
9. Schwendimann BA. Comparing expert and novice concept map
construction through a talk-aloud protocol. Comm Com Inf Sc. 2016;635:16–28.
10. Nievelstein F, van Gog T, van Dijck G, Boshuizen HPA. The worked example
and expertise reversal effect in less structured tasks: learning to reason
about legal cases. Contemp Educ Psychol. 2013;38(2):118–25.
11. Kalyuga S, Ayres P, Chandler P, Sweller J. The expertise reversal effect. Educ
Psychol-Us. 2003;38(1):23–31.
12. Kopp V, Stark R, Fischer MR. Fostering diagnostic knowledge through
computer-supported, case-based worked examples: effects of erroneous
examples and feedback. Med Educ. 2008;42(8):823–9.
13. Cooper G, Sweller J. Effects of schema acquisition and rule automation on
mathematical problem-solving transfer. J Educ Psychol. 1987;79(4):347–62.
14. Sweller J, Cooper GA. The use of worked examples as a substitute for
problem solving in learning algebra. Cogn Instr. 1985;2(1):59–89.
15. Sweller J, van Merrienboer JJG, Paas FGWC. Cognitive architecture and
instructional design. Educ Psychol Rev. 1998;10(3):251–96.
16. Zhu X, Simon HA. Learning mathematics from examples and by doing.
Cogn Instr. 1987;4(3):137–66.
17. Sweller J. Cognitive load during problem solving: effects on learning. Cogn
Sci. 1988;12(2):257–85.
18. Atkinson RK, Derry SJ, Renkl A, Wortham D. Learning from examples:
instructional principles from the worked examples research. Rev Educ Res.
2000;70(2):181–214.
19. Rendas AB, Fonseca M, Pinto PR. Toward meaningful learning in
undergraduate medical education using concept maps in a PBL
pathophysiology course. Adv Physiol Educ. 2006;30(1):23–9.
20. Gonzalez HL, Palencia AP, Umana LA, Galindo L, Villafrade ML. Mediated
learning experience and concept maps: a pedagogical tool for achieving
meaningful learning in medical physiology students. Adv Physiol Educ.
2008;32(4):312–6.
21. Michael J. In pursuit of meaningful learning, vol. vol. 25; 2001.
22. Daley BJ. Learning in professional practice. New Dir Adult Contin Educ.
2000;2000(86):33–42.
23. Renkl A, Stark R, Gruber H, Mandl H. Learning from worked-out examples:
the effects of example variability and elicited self-explanations. Contemp
Educ Psychol. 1998;23(1):90–108.
24. Mayer RE. Rote versus meaningful learning. Theory Pract. 2002;41(4):226–32.
25. Novak J. Concept maps and Vee diagrams: two metacognitive tools to
facilitate meaningful learning. Instr Sci. 1990;19(1):29–52.
26. Hicks-Moore SL, Pastirik PJ. Evaluating critical thinking in clinical concept
maps: a pilot study. Int J Nurs Educ Scholarsh. 2006;3:Article27.
27. Daley BJ, Shaw CR, Balistrieri T, Glasenapp K, Piacentine L. Concept maps: a
strategy to teach and evaluate critical thinking. J Nurs Educ. 1999;38(1):42–7.
28. Noonan P. Using concept maps in perioperative education. AORN J. 2011;
94(5):469–78.
29. Hsu LL. Developing concept maps from problem-based learning scenario
discussions. J Adv Nurs. 2004;48(5):510–8.
30. Kumar S, Dee F, Kumar R, Velan G. Benefits of testable concept maps for
learning about pathogenesis of disease. Teach Learn Med. 2011;23(2):137–43.
31. Hall RH, O'Donnell A. Cognitive and affective outcomes of learning from
knowledge maps. Contemp Educ Psychol. 1996;21(1):94–101.
32. Nesbit JC, Adesope OO. Learning with concept and knowledge maps: a
meta-analysis. Rev Educ Res. 2006;76(3):413–48.
33. Rewey KL, Dansereau DF, Dees SM, Skaggs LP, et al. Scripted cooperation
and knowledge map supplements: effects on the recall of biological and
statistical information. J Exp Educ. 1992;60(2):93–107.
34. Rewey KL, Dansereau DF, Peel JL. Knowledge maps and information
processing strategies. Contemp Educ Psychol. 1991;16(3):203–14.
35. Rewey KL, Dansereau DF, Skaggs LP, Hall RH, Pitre U. Effects of scripted
cooperation and knowledge maps on the processing of technical material. J
Educ Psychol. 1989;81(4):604–9.
36. Wallace DS, West SWC, Ware A, Dansereau DF. The effect of knowledge
maps that incorporate gestalt principles on learning. J Exp Educ. 1998;67(1):
5–16.
37. Cutrer WB, Castro D, Roy KM, Turner TL. Use of an expert concept map as
an advance organizer to improve understanding of respiratory failure. Med
Teach. 2011;33(12):1018–26.
38. van Merrienboer JJ, Sweller J. Cognitive load theory in health professional
education: design principles and strategies. Med Educ. 2010;44(1):85–93.
39. Kalyuga S, Chandler P, Tuovinen J, Sweller J. When problem solving is
superior to studying worked examples. J Educ Psychol. 2001;93(3):579–88.
40. Ibiapina C, Mamede S, Moura A, Eloi-Santos S, van Gog T. Effects of free,
cued and modelled reflection on medical students’ diagnostic competence.
Med Educ. 2014;48(8):796–805.
41. Chipchase LS, Williams MT, Robertson VJ. A national study of the availability
and use of electrophysical agents by Australian physiotherapists. Physiother
Theory Pract. 2009;25(4):279–96.
42. Maddocks M, Gao W, Higginson IJ, Wilcock A. Neuromuscular electrical
stimulation for muscle weakness in adults with advanced disease. Cochrane
Database Syst Rev. 2013;1:CD009419.
43. Maffiuletti NA, Roig M, Karatzanos E, Nanas S. Neuromuscular electrical
stimulation for preventing skeletal-muscle weakness and wasting in critically
ill patients: a systematic review. BMC Med. 2013;11:137.
44. Maffiuletti NA. Physiological and methodological considerations for the use of
neuromuscular electrical stimulation. Eur J Appl Physiol. 2010;110(2):223–34.
45. Doucet BM, Lam A, Griffin L. Neuromuscular Electrical Stimulation for
Skeletal Muscle Function. Yale J Biol Med. 2012;85(2):201–15.
46. McEldoon KL, Durkin KL, Rittle-Johnson B. Is self-explanation worth the time? A
comparison to additional practice. Br J Educ Psychol. 2013;83(4):615–32.
47. Florance V. Medical knowledge for clinical problem solving: a structural
analysis of clinical questions. Bull Med Libr Assoc. 1992;80(2):140–9.
48. Kaufman DR, Kushniruk AW, Yale JF, Patel VL. Conceptual knowledge and
decision strategies in relation to hypercholesterolemia and coronary heart
disease. Int J Med Inform. 1999;55(3):159–77.
49. Elstein AS, Holzman GB, Belzer LJ, Ellis RD. Hormonal replacement therapy:
analysis of clinical strategies used by residents. Med Decis Mak. 1992;12(4):
265–73.
Montpetit-Tourangeau et al. BMC Medical Education  (2017) 17:238 Page 22 of 23
50. Poses RM, Cebul RD, Wigton RS. You can lead a horse to water–improving
physicians’ knowledge of probabilities may not affect their decisions. Med
Decis Mak. 1995;15(1):65–75.
51. Renkl A. Worked-out examples: instructional explanations support learning
by self-explanations. Learn Instr. 2002;12(5):529–56.
52. van Gog T, Paas F, van Merriënboer JJG. Process-oriented worked examples:
improving transfer performance through enhanced understanding. Instr Sci.
2004;32(1):83–98.
53. Paas FGWC, Van Merrienboer JJG, Adam JJ. Measurement of cognitive load
in instructional research. Percept Mot Skills. 1994;79(1):419–30.
54. Dreyfus HL, Dreyfus SE, Athanasiou T. Mind over machine : the power of
human intuition and expertise in the era of the computer. New York: Free
Press; 1986.
55. Carraccio CL, Benson BJ, Nixon LJ, Derstine PL. From the educational bench
to the clinical bedside: translating the Dreyfus developmental model to the
learning of clinical skills. Acad Med. 2008;83(8):761–7.
56. Benner P. From novice to expert: excellence and power in clinical nursing
practice. AJN Am J Nurs. 1984;84(12):1480.
57. Burger JL, Parker K, Cason L, Hauck S, Kaetzel D, O'Nan C, White A.
Responses to work complexity: the novice to expert effect. West J Nurs Res.
2010;32(4):497–510.
58. Raza SJ, Field E, Jay C, Eun D, Fumo M, Hu JC, Lee D, Mehboob Z, Nyquist J,
Peabody JO, et al. Surgical competency for urethrovesical anastomosis
during robot-assisted radical prostatectomy: development and validation
of the robotic anastomosis competency evaluation. Urology. 2015;85(1):
27–32.
59. Frederick PJ, Szender JB, Hussein AA, Kesterson JP, Shelton JA, Anderson TL,
Barnabei VM, Guru K. Surgical competency for robot-assisted hysterectomy:
development and validation of a robotic hysterectomy assessment score
(RHAS). J Minim Invasive Gynecol. 2017;24(1):55–61.
60. Schmidt HG, Norman GR, Boshuizen HP. A cognitive perspective on medical
expertise: theory and implication. Acad Med. 1990;65(10):611–21.
61. Lounsbery JL, Pereira CR, Harris IM, Moon JY, Westberg SM, Kolar C. Tracking
patient encounters and clinical skills to determine competency in
ambulatory care advanced pharmacy practice experiences. Am J Pharm
Educ. 2016;80(1):14.
62. Liou S-R, Cheng C-Y. Developing and validating the clinical competence
questionnaire: a self-assessment instrument for upcoming baccalaureate
nursing graduates. J Nurs Educ Practice. 2013;4(2):56.
63. Kim KH. Clinical competence among senior nursing students after their
Preceptorship experiences. J Prof Nurs. 2007;23(6):369–75.
64. Palmer EJ, Devitt PG. Assessment of higher order cognitive skills in
undergraduate education: modified essay or multiple choice questions?
Research paper. BMC Med Educ. 2007;7:49.
65. Rademakers J, Ten Cate TJ, Bar PR. Progress testing with short answer
questions. Med Teach. 2005;27(7):578–82.
66. Schuwirth LW, van der Vleuten CP. ABC of learning and teaching in
medicine: written assessment. BMJ. 2003;326(7390):643–5.
67. Schuwirth LW, van der Vleuten CP. Different written assessment methods:
what can be said about their strengths and weaknesses? Med Educ. 2004;
38(9):974–9.
68. Eva KW, Cunnington JP, Reiter HI, Keane DR, Norman GR. How can I know
what I don't know? Poor self assessment in a well-defined domain. Adv
Health Sci Educ Theory Pract. 2004;9(3):211–24.
69. Cunnington JP, Norman GR, Blake JM, Dauphinee WD, Blackmore DE.
Applying learning taxonomies to test items: is a fact an artifact? Acad Med.
1996;71(10 Suppl):S31–3.
70. May BJ, Newman J. Developing competence in problem solving. A
behavioral model. Phys Ther. 1980;60(9):1140–5.
71. Shaughnessy MK, Burnett CN. Implementation of the problem-oriented
progress note in a skilled nursing facility. Phys Ther. 1979;59(2):160–6.
72. Slaughter DS, Brown DS, Gardner DL, Perritt LJ. Improving physical therapy
students’ clinical problem-solving skills: an analytical questioning model.
Phys Ther. 1989;69(6):441–7.
73. Pearce PF, Ferguson LA, George GS, Langford CA. The essential SOAP note
in an EHR age. Nurse Pract. 2016;41(2):29–36.
74. Gerjets P, Scheiter K, Catrambone R. Can learning from molar and modular
worked examples be enhanced by providing instructional explanations and
prompting self-explanations? Learn Instr. 2006;16(2):104–21.
75. Renkl A, Atkinson RK, Maier UH, Staley R. From example study to problem
solving: smooth transitions help learning. J Exp Educ. 2002;70(4):293–315.
76. van Gog T, Paas F. Instructional efficiency: revisiting the original construct in
educational research. Educ Psychol-Us. 2008;43(1):16–26.
77. Paas F, Tuovinen JE, Tabbers H, Van Gerven PWM. Cognitive load
measurement as a means to advance cognitive load theory. Educ Psychol-
Us. 2003;38(1):63–71.
78. Paas FGWC. Training strategies for attaining transfer of problem-solving skill
in statistics - a cognitive-load approach. J Educ Psychol. 1992;84(4):429–34.
79. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.
Hillsdale, N.J: L. Erlbaum Associates; 1988.
80. Renkl A. Learning from worked-out examples: a study on individual
differences. Cogn Sci. 1997;21(1):1–29.
81. Baars M, Visser S, van Gog T, de Bruin A, Paas F. Completion of partially
worked-out examples as a generation strategy for improving monitoring
accuracy. Contemp Educ Psychol. 2013;38(4):395–406.
82. Abel WM, Freeze M. Evaluation of concept mapping in an associate degree
nursing program. J Nurs Educ. 2006;45(9):356–64.
83. Hinck SM, Webb P, Sims-Giddens S, Helton C, Hope KL, Utley R, Savinske D,
Fahey EM, Yarbrough S. Student learning with concept mapping of care
plans in community-based education. J Prof Nurs. 2006;22(1):23–9.
84. Wilgis M, McConnell J. Concept mapping: an educational strategy to
improve graduate nurses’ critical thinking skills during a hospital orientation
program. J Contin Educ Nurs. 2008;39(3):119–26.
85. Molaison EF, Taylor KA, Erickson D, Connell CL. The use and perceptions of
concept mapping as a learning tool by dietetic internship students and
preceptors. J Allied Health. 2009;38(3):97E–103E.
86. Leach DC. Competence is a habit. JAMA. 2002;287(2):243–4.
87. Thomes J. Changing career paths. From expert to novice. Orthop Nurs.
2003;22(5):332–4.
88. Ausubel DP. Educational psychology: a cognitive view. New York: Holt,
Rinehart and Winston; 1968.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Montpetit-Tourangeau et al. BMC Medical Education  (2017) 17:238 Page 23 of 23
